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Description 

Switchable Gearbox of a Handheld 

Power Tool 

Background of Invention 
[000 1 ] 1. Field of the Invention. 

[0002] The invention relates to switchable gearboxes of a hand- 
held power tool, especially a handheld driver/drill, having 
an axial direction and a gear arrangement that is movable 
in the axial direction of the gearbox and is switchable be- 
tween first and second switching stages. The invention 
moreover relates to a handheld power tool. 

[0003] 2. Description of the Related Art. 

[0004] Handheld power tools such as power drills, driver/drills 
and the like have switchable gearboxes that can be 
switched between at least two switching stages. The two 
switching stages can be a first speed and a second speed 
with different initial rotary speed or rpm (revolutions per 
minute). However, it is also possible to switch between a 



right-handed and left-handed rotation, between drilling 
and screwing operation, and the like. Accordingly, the 
power tools have therefore an external manual actuator 
for effecting a switching action. 

[0005] within the gearbox, an axially movable gear arrangement 
is provided that is movable by means of the actuator be- 
tween two different axial positions. The aforementioned 
gear arrangement engages different counter gears, a cou- 
pling member, a lock member, or the like. 

[0006] An axial movement of the gear arrangement requires an 
exact alignment, for example, with the toothing of an ad- 
ditional gear, with a locking member or the like. Without 
proper alignment, switching can be difficult and requires a 
sensitive handling. 

[0007] The occurring operating loads, in particular, in connection 
with a spiral gearing, in connection with changing rota- 
tional direction in screwing operation or the like, can 
cause great forces to act on the movable gear arrange- 
ment. Under unfavorable circumstances, this causes the 
gear arrangement to jump out of the selected switching 

stage. 
Summary of Invention 

[0008] it is an object of the present invention to configure a 



gearbox of the aforementioned kind such that a simplified 
and operationally safe selection of the desired switching 
stage is provided. 
[0009] | n accordance with the present invention, this is achieved 
in that an actuator that is rotatable parallel to the axial 
extension and a shifting gate that rotates together with 
the actuator are provided, wherein the shifting gate coop- 
erates with the gear arrangement for effecting the switch- 
ing action. 

[0010] The invention furthermore has the object to provide a 

power tool that is improved with regard to manipulating 
its gearbox. 

[0011] This object is solved in that a gearbox is provided that has 
an actuator that is rotatable parallel to the axial extension 
and a shifting gate that rotates together with the actuator, 
wherein the shifting gate cooperates with the gear ar- 
rangement for effecting the switching action. 

[0012] a switchable gearbox for a handheld power tool as well as 
a handheld power tool provided with such a gearbox are 
proposed, wherein the gearbox comprises a gear arrange- 
ment that is movable in the axial direction of the gear and 
can be switched between two switching stages. The actua- 
tor is configured to be rotatable about a rotary axis that is 



parallel to the axial direction of the gearbox. Moreover, a 
shifting gate is provided that rotates together with the ac- 
tuator, wherein the shifting gate cooperates with the gear 
arrangement for shifting the gear arrangement. 

[0013] As a result of the selected arrangement, the actuator to- 
gether with the shifting gate has an actuating direction 
that is transverse to the movement direction of the gear 
arrangement. The rotary movement of the actuator and of 
the shifting gate causes by means of the shifting gate an 
axial movement of the gear arrangement. When an appro- 
priate selection of the geometry of the shifting gate is 
made, a great axial force can be exerted on the gear ar- 
rangement while only minimal actuating forces are applied 
to the actuator. The rotary movement was found to be er- 
gonomically beneficial. A reliable and force-saving 
switching action is enabled. 

[0014] By providing a shifting gate, a forced guiding action for 

the gear arrangement is provided. An unambiguous corre- 
lation between the circumferential position of the shifting 
gate and the axial position of the gear arrangement is 
provided. For a corresponding geometric configuration of 
the shifting gate, the reverse action of the axial forces of 
the gear arrangement onto the shifting gate and onto the 



actuator is minimal. The shifting gate can be self-locking 
so that a reliable locking action of the gear arrangement 
in a selected switching stage results. 

[0015] For this purpose, the shifting gate has expediently a 
slantedly extending, approximately linear central area. 
The angle of slant can be designed to provide the self- 
locking action. This provides a sensitive and precisely de- 
fined guiding of the switching action of the gear arrange- 
ment with minimal or no reverse action onto the selected 
position of the actuator. 

[0016] | n an advantageous embodiment, the shifting gate is pro- 
vided with at least one end section and especially two end 
sections that extend parallel to the circumferential direc- 
tion. In the end sections acts as reliable positive-fit lock- 
ing members for the gear arrangement in one or both se- 
lected switching stages. Moreover, by means of the afore- 
mentioned end sections it can be prevented that upon ac- 
tuation of the actuator a selected switching stage is acci- 
dentally not completely shifted. 

[0017] A n additional precision of the switching and locking pro- 
cess is expediently provided in that an axially movable 
guide pin is provided that is moveable with the gear ar- 
rangement and engages the shifting gate at least approxi- 



mately free of play. The play-free arrangement results in a 
locking of the gear arrangement in precisely defined end 
positions and enables in the intermediate ranges a sensi- 
tivemovement. Careful shifting of a selected gear is sim- 
plified in this way. 
[0018] | n an advantageous embodiment, two guide pins dis- 
placed relative to one another in the circumferential direc- 
tion are provided that each engage their own shifting 
gate. This provides a force transmission onto the gear ar- 
rangement with minimal or no asymmetries. Canting that 
would lead to a sluggish movement of the arrangement is 
prevented. 

[0019] The guide pin is expediently embodied as a part of a wire 
bracket that surrounds the gear arrangement within a cir- 
cumferential groove at least partially and is fixedly se- 
cured in the circumferential direction on the housing. The 
wire bracket can be manufactured inexpensively and with 
minimal material expenditure. Its guiding within a circum- 
ferential groove of the gear arrangement enables a free 
rotation of the gear arrangement relative to the wire 
bracket. In the axial direction, a reliable transfer even of 
greater forces from the wire bracket onto the gear ar- 
rangement is possible for the purpose of its axial move- 



ment. 

[0020] | n another advantageous embodiment, a locking device is 
provided for the actuator. In this way, it is prevented that 
the switchable gear arrangement can get stuck within un- 
desirable intermediate positions. Optionally, the locking 
device for the actuator can be embodied as a locking ar- 
rangement for the axially movable gear arrangement. 

[0021] | n an expedient variant, the locking device acts radially 
and, in particular, by means of a radially inwardly bent 
leaf spring that interacts with a radially outwardly project- 
ing projection. The locking device can be arranged be- 
tween the actuator and the switching member wherein in 
the axial direction no additional mounting space is re- 
quired. In this way, a compact configuration in the axial 
direction is provided. 

[0022] in an advantageous variant, the locking device acts axially 
and, in particular, is configured as an axially arranged 
spring element that interacts with an axial locking recess. 
The spring element can be arranged especially in a hous- 
ing of the power tool wherein the actuator must be pro- 
vided only with an appropriate number of locking re- 
cesses. The locking device requires in the area of the ac- 
tuator and of the switching member practically no special 



mounting space of its own. The assembly of actuator and 
switching member can be of a compact design in the axial 
and radial directions. 
[0023] | n an advantageous configuration, a synchronization de- 
vice is provided that comprises the actuator and the shift- 
ing gate. The shifting gate is arranged in a switching 
member that is rotatable independently from the actuator. 
The actuator and the switching member are connected to 
one another in the circumferential direction by a spring 
for common actuation. When rotating the actuator, first 
the spring is pretensioned and, as a result of this, a spring 
force is acting on the switching member in the same di- 
rection as the actuating direction of the actuator. The 
spring force is deflected by means of the shifting gate in 
the axial direction and acts in this way in the axial direc- 
tion on the gear arrangement. Rotating of the switching 
member and the corresponding movement of the gear ar- 
rangement however occur only once the gear arrangement 
and the gears, the locking member or the like to be en- 
gaged are positioned in proper gap alignment. For a posi- 
tion in gap alignment synchronization is realized so that a 
switching process can be realized reliably and without ex- 
cessive loading of the engaging parts. The actuator can be 



actuated independently of the synchronization state as 
desired. Switching and locking in the selected switching 
position by means of the shifting gate is realized only 
when the synchronized state has been reached. 

[0024] For improving the synchronization quality, the switching 
member is rotatable in the circumferential direction and is 
fixed in the axial direction in a housing of the power tool. 
This results in a precise and at least approximately direct 
and play-free interaction between the actuator and the 
shifting gate and the axially movable gear arrangement. 
The actuator for actuating the switching member is expe- 
diently rotatable in the circumferential direction and is se- 
cured relative to the axial direction by being fastened and 
guided on the switching member itself. In this way, an at 
least approximately direct and play-free activation chain 
between the actuator, the switching member, and the gear 
arrangement can be obtained. 

[0025] | n the aforementioned arrangement, advantageously two 
springs in the form of pretensioned compression 
(open-coil) springs are arranged symmetrically to one an- 
other in the circumferential direction. The symmetric ar- 
rangement leads to a uniform switching movement in 
both switching directions. With appropriate selection of 



the spring tension, a sufficiently uniform spring force be- 
tween the actuator and the switching member can be 
achieved about the entire differential stroke between the 
two. As a result of this, in the synchronized state a uni- 
form switching movement of the gear arrangement across 
the entire switching stroke is realized. 

[0026] | n an expedient alternative embodiment, the spring is in 
the form of a coil spring that is arranged centrally in the 
circumferential direction of the actuator. In particular in 
combination with an axially acting configuration of the 
locking device, the required mounting space for the actu- 
ator and the switching member is minimized. 

[0027] | n another advantageous embodiment, the gearbox is a 
planetary gear with a ring gear, wherein the ring gear 
forms the axially movably gear arrangement. The ring 
gear is positioned relative to the other gear components, 
i.e., the planet gears and the sun gear, radially externally 
and is easily accessible for a switching process. Particu- 
larly in a configuration in which the actuator and the 
switching member externally surround the ring gear at 
least partially and are configured to be rotatable coaxially 
to the ring gear, a compact and play-free arrangement is 
enabled that can be easily actuated. 



[0028] The two selectable switching stages can be a screwing 
stage and a drilling stage wherein, for example, in the 
screwing stage a torque limiter can be switched on addi- 
tionally. It is particularly proposed that by means of the 
two switching stages speeds of different initial rotary 
speed or rpm are provided Both speeds can be selected by 
means of the aforementioned arrangement in a simple 
and economically beneficial way wherein the gear ar- 
rangement is reliably locked for both speeds. By means of 
the afore described synchronization device, switching is 
possible in a time-saving way between the two speeds 

even at moderate rpm. 
Brief Description of Drawings 

[0029] pig. 1 is cross-sectional illustration of a planetary gear of 
a power driver/drill with a rotatable actuator for selecting 
the speed. 

[0030] pig. 2 shows the arrangement of Fig. 1 partially in longi- 
tudinal section. 

[0031] Fig. 3 shows the arrangement of Fig. 2 in a different se- 
lected switching stage. 

[0032] Fig. 4 is detail view of the actuator and of the switching 
member according to Fig. 1. 

[0033] Fig. 5 i s a side view of the switching member according to 



Fig. 4. 

[0034] Fig. 6 shows details of a synchronization device of the ar- 
rangement of Fig. 1. 
[0035] pig. 7 is a side view of the arrangement of Fig. 6. 

[0036] Fig. 8 shows a frontal view in section of an alternative em- 
bodiment of the actuator with a spring arranged centrally 
in the circumferential direction. 

[0037] Fig. 9 is partially sectioned plan view of the arrangement 
of Fig. 8 corresponding to the section line IX-IX. 

[0038] Fig. 10 is a longitudinal section illustrating a detail of the 

arrangement according to Figs. 8 and 9 in the area of the 

locking device. 
Detailed Description 

[0039] Fig. 1 shows in a cross-sectional illustration a power tool 
2 in the area of its gearbox 1. The gearbox 1 is a plane- 
tary gear 21 that has concentrically to its axis of rotation 
25 a sun wheel 24 and radially outside thereof planetary 
wheels 23. The planetary wheels 23 are surrounded on 
their outer side by a ring gear 22. The ring gear 22 forms 
a gear arrangement 6 that, relative to the axis of rotation 
25, is axially movable for switching between two switch- 
ing stages 4, 5 (Figs. 2, 3). 



[0040] For switching between the two switching stages 4, 5 (Figs. 
1, 2), an actuator 7 and a switching member 18 are pro- 
vided. The actuator 7 and the switching member 18 sur- 
round the ring gear 22 partially and are supported to be 
rotatable in the circumferential direction, indicated by ar- 
row 10, coaxially to the axis of rotation 25 of the ring 
gear 22. 

[0041] instead of the illustrated planetary gear, it is also possible 
to employ a spur gear or the like having a gear arrange- 
ment (6) that is movable in the axial direction. 

[0042] The power tool 2, not illustrated in detail, is a handheld 
cordless driver/drill in the illustrated embodiment. It can 
also be a handheld power drill or the like. In addition to 
an electrical power supply by means of a battery pack is 
also possible to provide power through a mains connec- 
tion. 

[0043] pig. 2 shows in a partially sectioned side view the ar- 
rangement of Fig. 1. By means of the double arrow 3 the 
axial direction of the axis of rotation 25 is indicated. The 
ring gear 22 is movable in the direction of the double ar- 
row 3 by actuating the actuator 7. The ring gear 22 is 
shown in a first switching stage 4 in which it is locked to 
the housing 22. 



[0044] pig. 3 shows the arrangement of Fig. 2 wherein the ring 
gear 22 is moved in the axial indirection 3 into a second 
switching stage 5 in which it is freely rotatable. The 
switching stages 4 and 5 illustrated in Figs. 2 and 3 form 
the two speeds of the planetary gear 21 according to Fig. 
1 providing different initial rpms, respectively. The two 
switching stages 4, 5 can also be embodied as an on- 
switch and off-switch of a torque limiter, a clutch or the 
like. 

[0045] pig. 4 shows a detail view of the arrangement of Fig. 1 in 
the area of the actuator 7 and of the switching member 
18. The illustrated arrangement is symmetrical to a nor- 
mal axis 40. The switching member 18 has two arc- 
shaped legs 27 from which a spring holder 28 projects ra- 
dially, respectively. 

[0046] The actuator 7 has centrally a switch button 26 for manual 
actuation that projects in the radial direction. Radially in- 
wardly relative to the switch button 26, a leaf spring 33 is 
provided. On both sides of the switch button 26, the actu- 
ator 7 has a U-shaped cross-section that is comprised of 
arc-shaped circumferential walls 29 and legs 30. The cir- 
cumferential walls 29 and the legs 30 span the spring 
holder 28 with minimal play. The actuator 7 is thus rotat- 



able in the circumferential direction 10 and is secured in 
the axial direction 3 (Fig. 3) on the switching member 18. 

[0047] Symmetrically arranged relative to the normal axis 40, a 
spring arrangement of two springs 19 is provided; in the 
illustrated embodiment, they are compression springs 32. 
The compression springs are secured with pretension be- 
tween the respective spring holders 28 and the correlated 
springs stops 31 of the actuator 7. 

[0048] pig. 5 shows the switching member 18 according to Fig. 4 
in a side view. The illustrated leg 27 and the opposed leg 
27 (Fig. 4) are provided with a shifting gate 8. The shifting 
gate 8 has a central area 9 slantedly extending relative to 
the circumferential direction 10 as well as end sections 
11, 12 that extend parallel to the circumferential direction 
10. 

[0049] pig. 6 shows a detail view of the arrangement of Fig. 1 
with details of the actuator 7, of the switching member 
18, and of the ring gear 22. The housing 20 has in the 
circumferential direction several screw flanges 34. The 
screw flange 34 facing the leaf spring 33 has a radially 
outwardly projecting part 41. The leaf spring 33 of the ac- 
tuator 7 is radially inwardly angled and rests against the 
projection 41 in an elastic and springy fashion. When ro- 



tating the actuator 7 in the direction of the arrow 35, the 
curved leaf spring 33 snaps into place about the screw 
flange 34 ths providing a locking device 16 for the actua- 
tor 7. 

[0050] The ring gear 22 has on its exterior a circumferential 

groove 14 in which a circularly bent wire bracket 15 is po- 
sitioned. The ends of the wire bracket 15 are radially out- 
wardly bent and form guide pins 13. The guide pins 13 
are secured in the housing 20 in the circumferential direc- 
tion 10 and are movable together with the ring gear 22 in 
the axial direction. The two guide pins 13 each engage 
without play their own shifting gate 8 (Fig. 5) provided in 
the two legs 27 of the switching member 18. 

[0051] By means of the illustrated arrangement, a synchroniza- 
tion device 17 is formed that comprises the actuator 7, 
the switching member 18 with the shifting gates 8, as well 
as the springs 19. The actuator 7 and the shifting gate 18 
are rotatable relative to one another, wherein the actuator 
7 and the switching member 18 are connected to one an- 
other by means of the springs 19 in the circumferential 
direction 10. 

[0052] pig. 7 shows the arrangement of Fig. 6 in a side view. The 
housing 20 has a radial projection 37 and, at a spacing 



thereto, a circumferential flange 38. Between both, a cir- 
cumferential groove 39 is formed in which the actuator 7 
and the switching member 18 are guided rotatably in the 
circumferential direction 10 and secured in the axial di- 
rection 3. The actuator 7 is illustrated in the rotated posi- 
tion of Fig. 6 wherein the view according to Fig. 7 corre- 
sponds to a view from the right relative to the illustration 
of Fig. 6. The guide pin 13 is positioned in the upper end 
section 11 of the shifting guide 8. The guide pin 13 that is 
movable together with the ring gear 22 (Fig. 6) in the axial 
direction 3 is locked in the end section 11. By guiding the 
wire bracket 15 with the guide pins 13 in the circumferen- 
tial groove 14 of the ring gear 22 (Fig. 6), the ring gear 22 
is thus locked in the axial direction 3. When rotating the 
switching member 18 by means of the actuator 7, the 
guide pin 13 is moved by means of the shifting gate 8 in 
the direction of arrow 36. By means of the guiding action 
of the wire bracket 15 in the circumferential groove 14 of 
the ring gear 22 (Fig. 6), an axial movement of the ring 
gear 22 into the second end section 12 of the shifting 
gate 8 determining the second switching position is en- 
abled. The return into the first switching position illus- 
trated in Fig. 7 is realized analogously by the opposite ro- 



tation of the switching member 18. 
[0053] The function of the synchronization device 17 can be seen 
when comparing the illustrations of Figs. 6 and 7. For 
switching the gearbox 1 between the two switching stages 
4, 5 (Figs. 2, 3), first the actuator 7 is rotated in the direc- 
tion of the arrow 35. Starting with the illustrated locking 
position, the spring 33 snaps into place when passing 
across the screw flange 34 and reaches a second locking 
position. Because of the connection realized by means of 
the spring 19, the switching member 18 is exposed to a 
force in the same rotary direction 35. This force acting in 
the circumferential direction 10 is transmitted by the 
shifting gate 8 and the wire bracket 15 in the axial direc- 
tion onto the ring gear 22. Only when the synchronized 
position of the ring gear 22 is reached, in which its teeth 
are positioned, for example, between the teeth (aligned 
with the gaps between the teeth) of the planet gears(Fig. 
1), an axial movement of the ring gear 22 together with a 
rotation of the switching member 18 in the direction of 
arrow 35 is caused by the spring force of the spring 19. A 
synchronized position of the ring gear 22 can also result, 
for example, in the case of fixed locking at the housing 20 
for the switching stage 4 illustrated in Fig. 2. 



[0054] pig. 8 shows in a cross-sectional illustration an alternative 
embodiment of the actuator 7 and of the switching mem- 
ber 18. The actuator 7 is movable relative to the switching 
member 18 relative to the axis of rotation 25 in the cir- 
cumferential direction 10 wherein the actuator 7 and the 
switching member 18 are connected to one another by 
means of the spring 19 in the circumferential direction 10. 
The spring 19 is configured as a coil spring 44 with a lon- 
gitudinal axis that is tangential to the circumferential di- 
rection 10 and is arranged relative to the circumferential 
direction 10 centrally withing the actuator 7. 

[0055] pig. 9 shows a plan view of the arrangement of Fig. 8 in a 
sectioned illustration along the line IX-IX of Fig. 8. The 
actuator 7 has on its inner side a rib 45 extending in the 
circumferential direction 10 where the coil spring 44 is 
secured. On the switching member 18, a spring receptacle 
46 is provided that encloses the coil spring 44 and sup- 
ports the coil spring 44 in the direction of the axis of ro- 
tation 25 and in the circumferential direction 10. The rib 
45 extends through the spring receptacle 46 in the cir- 
cumferential direction 10 so that a spring-loaded relative 
movability of the actuator 7 relative to the switching 
member 18 in the circumferential direction 10 is provided. 



The actuator 7 has on its rearward end face two axial 
locking recesses 42. 
[0056] pig. 10 shows a longitudinal section of the arrangement 
according to Figs. 8 and 9 in a partly enlarged detail view. 
In the housing 20 an axially acting pressure spring 47 is 
secured wherein between the pressure spring 47 and the 
actuator 7 a ball 48 is provided. By means of the force of 
the pretensioned pressure spring 47, the ball 48 is forced 
into one of the two locking recesses 42 of the actuator 7 
(Fig. 9). By means of the pressure spring 47, the ball 49, 
and the two locking recesses 42, an axially acting locking 
device 16 is formed. Upon rotation of the actuator 7 in the 
circumferential direction 10 (Fig. 9), the ball 48 rolls on 
the rearward end face of the actuator 7 in the area of the 
two locking recesses 42. For a rotational position in which 
one of the two locking recesses 42 is aligned with the ball 
48, the ball 48 is forced into the corresponding locking 
recess 42 so that locking of the actuator 7 is provided. 
The view of Fig. 9 shows that the two locking recesses 42 
are rounded on their facing sides while their sides facing 
away from one another are steep and sharply angled. The 
rounded configuration enables easy sliding of the ball 48 
in and out of the recesses upon movement of the actuator 



7 from one locking position into the other. The outwardly 
positioned sharp-angled and steep configuration of the 
locking recesses 42 provided on the outer side limits the 
actuating path of the actuator 7 to the area between the 
two locking recesses 42. 
[0057] while specific embodiments of the invention have been 
shown and described in detail to illustrate the inventive 
principles, it will be understood that the invention may be 
embodied otherwise without departing from such princi- 
ples. 



